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R OSIGLITAZONE AND PIOGLITazone are the only thiazolidinediones currently marketed in the United States. In mid-2007, a meta-analysis of 42 randomized controlled trials involving rosiglitazone reported a 1.4-fold increase in risk of acute myocardial infarction (AMI) compared with non-thiazolidinedione therapies. 1 Subsequently, a meta-analysis of 19 randomized controlled trials with pioglitazone found a statistically significant reduction in the composite outcome of nonfatal AMI, stroke, and all-cause mortality and a nearly statistically significant reduction in nonfatal AMI alone, 2 thereby suggesting a potential difference in cardiovascular risk between the 2 thiazolidinediones.
The cardiovascular risks of rosiglitazone and pioglitazone have been compared with one another in several observational studies. [3] [4] [5] [6] [7] [8] [9] [10] [11] Rosiglitazone increased AMI risk in 7 studies, [3] [4] [5] [6] [8] [9] [10] statistically significantly so in 3. 3, 9, 10 Stroke risk was examined in 2 studies, both of which reported a statistically nonsignificant increase with rosiglitazone compared with pioglitazone. 5, 7 The risk of heart failure was statistically significantly increased with rosiglitazone compared with pioglitazone in 3 stud-ies, 5, 7, 8 with a nonsignificant increase in one other. 11 Lastly, the risk of allcause mortality was statistically significantly increased with rosiglitazone compared with pioglitazone in 2 studies. 5, 8 The availability of prescription drug data for Medicare beneficiaries, beginning with introduction of the Part D benefit in January 2006, provided an opportunity to investigate whether rosiglitazone increases cardiovascular and mortality risks using a large, nationally representative population of elderly patients with type 2 diabetes newly treated with a thiazolidinedione.
METHODS

Medicare Database
Medicare is the largest health insurance program in the United States, providing coverage to persons 65 years or older, as well as to persons younger than 65 years, who have end-stage renal dis-ease or are disabled. 12, 13 Eligibility for Medicare Part A, which covers hospitalization expenses, begins automatically at age 65 years, whereas coverage for outpatient medical care (Part B) and prescription drugs (Part D) must be purchased. 13, 14 Computerized data for Parts A and B are available from the 1990s, while data for Part D are available since January 2006, when the Medicare prescription drug benefit took effect.
Claims for Parts A, B, and D are evaluated for data quality and entered into an analyzable database, where they are linked with the Medicare Enrollment Database. Together, these provide information about demographic and enrollment characteristics, diagnoses, procedures, prescription drugs, and medical equipment use for each beneficiary. Prescription claims include days of supply and quantities dispensed and are mapped against reference databases to identify drug name and strength using the National Drug Code number.
We restricted the Medicare population to persons enrolled in Parts A and B fee-for-service and Part D, because claims from these sources provide the data needed for research purposes. We linked these claims across all settings of care for each beneficiary, using a unique identifier to create a longitudinal record of each patient's health care utilization and related diagnoses.
Design
This study used a new-user inception cohort design. Patients with at least 6 months of continuous Part D enrollment and at least 12 months of continuous Parts A and B enrollment prior to the date of their first thiazolidinedione prescription and who were 65 years or older on that date were identified; those not resident in a hospital or longterm care facility or receiving hospice care formed the rosiglitazone and pioglitazone inception cohorts.
During the year prior to thiazolidinedione initiation, data were collected for each cohort member on the presence of cardiovascular or cerebrovascular disease, diabetes-related complications, lipid disorders, and other chronic medical conditions. The Charlson comorbidity score was calculated using claims from inpatient hospitalizations. 15, 16 Data on use of medications prescribed for the treatment of cardiovascular disease, diabetes, and other chronic medical conditions were collected for the 6-month period preceding cohort entry. For purposes of analysis, these baseline variables were separated into 2 categories: core (variables frequently included in analyses of cardiovascular end points) (TABLE 1  and TABLE 2 ) and additional (variables more indicative of general health or that represent medical conditions already captured by prescription drug use included as core variables) (TABLE 3) . Data on race/ethnicity were based on self-declaration at the time of Medicare enrollment and were included to provide an additional measure of cohort comparability. a Nursing home or skilled nursing facility residence during year before cohort entry. b The Charlson comorbidity score was developed to predict the probability of death in the year following admission to a hospital. The score is a weighted sum derived from a count of hospitalizations for selected diagnoses during the preceding year. The score ranges from 0 to a theoretical maximum of 29. 15, 16 
Study End Points
Acute myocardial infarction was defined by International Classification of Diseases, Ninth Revision (ICD-9) code 410 in the first or second position of the hospital discharge diagnosis. In recent studies, code 410 had a positive predictive value (PPV) between 89% and 97% in a variety of US and Canadian administrative claims databases. [17] [18] [19] [20] [21] Of note, code 410 in the first or second position had a PPV of 94% in a recent study using Medicare Part A data. 20 Out-of-hospital death occurring within 1 day of an emergency department visit for acute ischemic heart disease was also classified as fatal AMI. 22 Stroke was identified by ICD-9 hospital discharge diagnosis codes 430, 431, 433.x1, 434.x1, and 436, located in the first position only. When listed as the first discharge diagnosis, these codes have a PPV of 92% to 100%. [23] [24] [25] Heart failure was identified by ICD-9 hospital discharge diagnosis codes 402.x1, 404.x3, and 428 in the first position only. These codes have a PPV of 85% to 96%. [26] [27] [28] All-cause mortality (referred to as "death" herein) was ascertained by linkage to the Social Security Master Beneficiary Record database, which provides the date, but not cause, of death and captures more than 95% of deaths for persons 65 years or older in the United States. 29 Because cardiovascular disease accounts for nearly 70% of deaths in patients with diabetes, 30 all-cause mortality may be an indicator of cardiovascular mortality in this study. For this reason, in addition to evaluating the time to event for the individual end points of AMI, stroke, heart failure, and death, we also evaluated the time to event for the composite end point of AMI, stroke, heart failure, or death.
Follow-up and Analysis
New users of rosiglitazone and pioglitazone underwent follow-up from cohort entry until the earliest occurrence of a study end point, a gap in continuous thiazolidinedione treatment exceeding 7 days, a prescription fill for a different thiazolidinedione, a non-end-point hospitalization, or end of the study period ( June 30, 2009). To guard against bias arising from informative censoring, most importantly by events leading to death, any end point events occurring within 14 days following a gap in continuous treatment or admission to a hospital were counted in the analysis. This 14-day period of extended follow-up was not applied to thiazolidinedione switching, because it would not be possible to distinguish effects attributable to rosiglitazone from those attributable to pioglitazone, nor was it applied to censoring at the end of the study window because no data were collected after that date.
Baseline characteristics of the thiazolidinedione cohorts were compared using standardized mean differences, calculated as the difference in means or proportions of a variable divided by a pooled estimate of the standard deviation of the variable. 31 This measure is not influenced by sample size and is useful for comparing cohorts in large observational studies. A value of 0.1 SD or less indicates a negligible difference in means between groups. 31 Kaplan-Meier cumulative incidence plots were generated showing time to event for all end points. Unadjusted in- cidence rates and rate differences (attributable risk) with 95% confidence intervals (CIs) were calculated using cumulative cohort follow-up time. Hazard ratios (HRs) with 95% CIs were calculated using Cox proportional hazards models, stratified by prior history of a cardiovascular end point and cancer, with adjustment for all remaining covariates (Tables 1, 2 , and 3). The proportional hazards assumption was assessed using a test of weighted Schoenfeld residuals. 32 The number needed to harm was estimated using the attributable risk.
Preplanned sensitivity analyses included repetition of the main analysis with zero days of follow-up after a gap in thiazolidinedione therapy or hospitalization to identify evidence of infor-mative censoring and repetition of the main analysis restricted to strata defined by baseline treatment with insulin, metformin, sulfonylureas, nitrates, or statins. Several unplanned, post hoc analyses were performed to evaluate the failure of some Cox proportional hazards models to meet the proportional hazards assumption. These unplanned analyses included those restricted to patients who entered the study before or after publication of a widely publicized meta-analysis of rosiglitazone randomized trials on May 21, 2007, 1 and partitioning of follow-up time into intervals of 0 through 2 months, more than 2 through 4 months, and more than 4 months.
This study was performed as part of the SafeRx Project, a joint initiative of 
RESULTS
During the study period, 227 571 patients initiated thiazolidinedione therapy and contributed 101 126 to 101 323 person-years of follow-up, depending on the end point analyzed. The mean age was 74.4 years in both cohorts, with a median follow-up of 105 days (range, 1-1093). The cohorts were similar with respect to background characteristics, with the exception of a slight imbalance in the proportion receiving a prescription co-payment subsidy ( Table 1) . They were also similar with respect to prior medical conditions and medication use (Tables 2 and 3) .
During follow-up, there were 1746 AMIs (21.7% fatal), 1052 strokes (7.3% fatal), 3307 hospitalizations for heart failure (2.6% fatal), and 2562 deaths from all causes among cohort members (TABLE 4) . For the composite of AMI, stroke, heart failure, or death, the attributable risk was 1.68 (95% CI, 1.27-2.08) excess events per 100 person-years of rosiglitazone compared with pioglitazone treatment. The corresponding number needed to harm for this composite end point was 60 (95% CI, 48-79) persons treated for 1 year to generate 1 excess event.
Kaplan-Meier cumulative incidence plots showed no differences in risk for AMI between rosiglitazone and pioglitazone but did show evidence of increased risk of stroke, heart failure, and death and for the composite of all events with rosiglitazone compared with pioglitazone (FIGURE 1 and  FIGURE 2) .
The adjusted HRs for stroke, heart failure, death, and the composite of AMI, stroke, heart failure, or death were increased for rosiglitazone compared with pioglitazone ( Table 4 ). The adjusted HR for AMI was not significantly increased. The proportional hazards assumption was met for AMI, stroke, and heart failure but not for death or the composite of AMI, stroke, heart failure, or death. To evaluate the nature and importance of this nonproportionality, we per-formed a series of unplanned, post hoc analyses. We restricted the cohorts to the 110 950 patients who entered the study prior to the May 21, 2007, publication of the rosiglitazone meta-analysis by Nissen and Wolski. 1 Nearly identical results were obtained for the main analysis (eTable 1, available at http://www .jama.com), and the proportional hazards assumption was now also met for death. An analysis restricted to patients who entered the study after the May 2007 publication date produced results similar to those for the prepublication period (eTable 1). Of note, there were only 15 009 patients receiving rosiglitazone during this latter period, who contributed 5400 person-years of exposed observation time, compared with 101 612 patients receiving pio- Months Since Initial Treatment
All-cause mortality
Log-rank P <.001
Segment of y-axes shown in blue indicates the range of 0 to 0.02 cumulative proportion.
CARDIOVASCULAR EVENTS WITH ROSIGLITAZONE
©2010 American Medical Association. All rights reserved. We also partitioned follow-up time into 3 periods and repeated the main analysis for death-related end points using the entire (prepublication and postpublication) study population (eTable 2). The HRs for death and for the composite of AMI, stroke, heart failure, or death were increased with rosiglitazone compared with pioglitazone during the first interval (0 through 2 months), somewhat lower but still increased during the second interval (Ͼ2 through 4 months), and were increased to a greater degree during the third interval (Ͼ4 months) than during the first. The proportional hazards assumption was met during each follow-up interval for both death-related end points, and the HRs for rosiglitazone compared with pioglitazone were statistically significantly increased during the third and final interval (HR for death, 1.21 [95% CI, 1.05-1.39]; HR for the composite of AMI, stroke, heart failure, or death, 1.23 [95% CI, 1.14-1.34]).
Several preplanned sensitivity analyses were performed. We repeated the main analyses on the entire study population without allowing for the 14-day follow-up after hospital admission or a break in thiazolidinedione use. In this analysis, patients dying after hospital admission or experiencing any study end point shortly after stopping thiazolidinedione were not counted. The risk of stroke and heart failure with rosi-glitazone compared with pioglitazone remained statistically significantly increased, as did risk for the composite end point of AMI, stroke, heart failure, or death (eTable 3). With no extended follow-up, the HR for all-cause mortality was no longer increased (1.07 [95% CI, 0.95-1.22]).
We also examined the effect of rosiglitazone compared with pioglitazone on risk of study end points within separate subpopulations defined by baseline use or nonuse of insulin, metformin, sulfonylureas, nitrates, and statins. The HRs for each end point were similar in patients with and without baseline use of these agents (eTable 4).
COMMENT
Use of rosiglitazone was associated with an increased risk of stroke, heart failure, and death and the composite of AMI, stroke, heart failure, or death compared with pioglitazone among Medicare beneficiaries 65 years or older. Both thiazolidinediones have been shown to increase the risk of heart failure compared with treatment with placebo or other antidiabetes medications. 33, 34 Our study found that rosiglitazone was associated with a 1.25-fold (95% CI, 1.16-1.34) increase in risk of heart failure compared with pioglitazone, similar to the risk increase reported in 2 other studies conducted among elderly persons. 5, 8 Of note, a differentially increased risk of heart failure with rosiglitazone was also suggested by a meta-analysis of randomized trials for both drugs. 35 Heart failure is associated with increased 1-year and 4-year mortality, and this mortality effect is greater in patients with diabetes, 36 an effect that would not be captured by our study because follow-up did not continue beyond the acute episode.
We were unable to determine whether one or both thiazolidinediones increase or decrease the absolute risk of any outcome, because we did not have a reference group treated with non-thiazolidinedione medications only. However, these data suggest that rosiglitazone was associated with a 1.27-fold (95% CI, 1.12-1.45) increased risk of stroke and a 1.14-fold (95% CI, 1.05-1.24) increased risk of death compared with pioglitazone. Increased mortality in elderly patients treated with rosiglitazone compared with pioglitazone, of a magnitude similar to that described here, has also been reported in other studies. 5, 8 The risk of AMI was not different between the 2 thiazolidinediones in this study of elderly Medicare patients. Two other studies conducted in elderly persons (mean age, 72-76 years) also found no difference in AMI risk between the 2 thiazolidinediones. 5, 8 In contrast, most studies that have reported an increased risk of AMI with rosiglitazone were conducted in younger populations (mean age, 54-65 years), and most required that patients survive to hospitalization to be counted. 1, 3, 4, 9, 10 There may be no difference in AMI risk between the 2 drugs in elderly persons. However, it is also possible that the pattern of cardiovascular outcomes for rosiglitazone compared with pioglitazone changes with advancing age. The incidence of sudden cardiac death increases nearly 6-fold between the sixth and eighth decades of life, 37 perhaps contributing to a shift toward fatal AMI that does not reach hospital to be counted. In an older population of patients with diabetes, in which nearly 70% of deaths have an underlying cardiovascular cause, 30 the effect of an increase in sudden cardiac death might be even greater. While the rea- son for the increased risk of death with rosiglitazone compared with pioglitazone seen in the elderly patients in our study and others is not known, 5, 8 it is plausibly attributable to an increase in a specific cause rather than to a diffuse increase in all causes of death. We believe that this specific cause is most likely cardiovascular. The incidence rates of AMI, stroke, heart failure, and death observed for the pioglitazone cohort in our study were similar to those that can be calculated for the pioglitazone group of the PROactive trial, a large cardiovascular end point trial that compared pioglitazone with other diabetes therapies (calculated incidence rates from PROactive, per 100 person-years, were 1.6 for AMI; 1.2 for stroke; 2.8 for heart failure; and 2.4 for death). 38 Although the mean age of patients in PROactive was younger than in our cohort (61.1 years vs 74.4 years), the PROactive cohort was rich in patients with established macrovascular disease, thereby making it more similar to an older population with longer-standing diabetes. This similarity in rates suggests that event capture in our study was relatively complete. The event rates in our study were also similar to those obtained by Juurlink et al 8 in a study of elderly patients with diabetes from Ontario, Canada.
Based on commercially available drug usage data purchased by the US Food and Drug Administration (SDI, Vector One [VONA]. US national prescription use of rosiglitazone and pioglitazone, 1999-2009. Provided to the Food and Drug Administration under contract), there were an estimated 2.84 million person-years of rosiglitazone use in patients 65 years or older in the United States from 1999-2009. With a number needed to harm of 60 persons treated for 1 year to produce 1 excess event of the composite of AMI, stroke, heart failure, or death attributable to use of rosiglitazone rather than pioglitazone, the negative population effect of rosiglitazone may have been great.
Our study had a number of limitations. This was an observational study, not a randomized trial, and so could be subject to biases arising from confounding. To guard against this, we collected data on a wide array of variables known or suspected to be associated with the outcomes under study, as well as many variables related to general health. The 2 cohorts were virtually indistinguishable with respect to these numerous baseline characteristics. In this regard, other observational studies that directly compared rosiglitazone with pioglitazone also noted a marked similarity between drug groups with respect to baseline characteristics and risk factors, [3] [4] [5] [6] [7] [8] [9] suggesting that the thiazolidinediones are probably prescribed to comparable types of patients. Misclassification of exposure or outcome is another potential limitation of observational studies but usually acts to reduce the strength of associations. We did not independently validate the diagnoses of AMI, stroke, or heart failure. There is currently no mechanism in place under the SafeRx Project to obtain medical record data. However, the ICD-9 diagnosis-coded case definitions that we adhered to in this study have been consistently wellvalidated in previous studies using the same or similar hospitalization claims data. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Lastly, because prescription drug data from Medicare Part D have not been used extensively for purposes of comparative safety, issues related to data quality must be considered. The Medicare Part D data are collected and processed by the Centers for Medicare & Medicaid Services in exactly the same manner as prescription data from Medicaid, which have been shown to be complete and of high quality. 39 In conclusion, in a population of more than 227 000 patients 65 years or older who initiated treatment with a thiazolidinedione, we found that, compared with pioglitazone, rosiglitazone was associated with an increased risk of stroke, heart failure, and death and an increased risk of the composite of AMI, stroke, heart failure, or death.
